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OBJECTIVES: Osteoporotic vertebral compression fractures (OVCFs) affect the elderly population, especially
postmenopausal women. Percutaneous kyphoplasty is designed to treat painful vertebral compression fractures
for which conservative therapy has been unsuccessful. High-viscosity cement can be injected by either a hydraulic
pressure delivery system (HPDS) or a balloon tamp system (BTS). Therefore, the purpose of this study was to
compare the safety and clinical outcomes of these two systems.
METHODS: A random, multicenter, prospective study was performed. Clinical and radiological assessments were
carried out, including assessments of general surgery information, visual analog scale, quality of life, cement
leakage, and height and angle restoration.
RESULTS: Using either the HPDS or BTS to inject high-viscosity cement effectively relieved pain and improved the
patients’ quality of life immediately, and these effects lasted at least two years. The HPDS using high-viscosity
cement reduced cost, surgery time, and radiation exposure and showed similar clinical results to those of the
BTS. In addition, the leakage rate and the incidence of adjacent vertebral fractures after the HPDS treatment
were reduced compared with those after treatment using the classic vertebroplasty devices. However, the BTS
had better height and angle restoration abilities.
CONCLUSIONS: The percutaneous HPDS with high-viscosity cement has similar clinical outcomes to those of
traditional procedures in the treatment of vertebral fractures in the elderly. The HPDS with high-viscosity
cement is better than the BTS in the treatment of mild and moderate OVCFs and could be an alternative method
for the treatment of severe OVCFs.
KEYWORDS: Osteoporotic Vertebral Compression Fractures; Percutaneous Kyphoplasty; Percutaneous Verteb-
roplasty; Hydraulic Pressure Delivery System; Balloon Tamp System; High-Viscosity Cement.
’ INTRODUCTION
Osteoporotic vertebral compression fractures (OVCFs)
are a common cause of pain and disability in people over
50 years old, especially in elderly women. Osteoporosis affects
44 million Americans (1) and 27.5 million Europeans (2). In
the year 2000, the number of osteoporotic fractures world-
wide was estimated to be nine million, of which 1.4 million
were vertebral compression fractures (3). Percutaneous
kyphoplasty (PKP) and percutaneous vertebroplasty (PVP)
are currently used for the management of painful OVCFs
that fail to respond to conventional therapies.
Many studies have compared the clinical results of PVP
and PKP. Both of these procedures are based on the injection
of medical cement into a collapsed vertebral body, resulting
in immediate and sustained pain relief (4-6). The main com-
plication and cause for concern among surgeons and patients
is the cement leakage. Leakage, which is the extravasation ofDOI: 10.6061/clinics/2019/e741
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cement beyond the confines of the collapsed vertebral body,
results in not only minor complications without special therapy
and short- or long- consequences but also major complications
such as urgent laminectomy decompression and embolism.
Classical PVP consists of the injection of a low-viscosity
cement into the fractured vertebra using a push rod at a high
pressure, which results in either a small amount of injected
cement or more cement extravasation. To improve this
situation, PKP is performed in which an inflatable device
such as a balloon is inserted. Using this method, even a ball
of high-viscosity cement could be injected into the fractured
vertebral body and inflated to elevate both endplates to
create a cavity. In addition, the cement is injected into
the cavity at a low pressure, significantly decreasing the
potential of extravasation (7). Hulme et al. reviewed the
clinical studies regarding these two procedures and found
that the mean rate of cement leakage due to PVP was of 41%
and that due to PKP was 9% (8). Other evidence confirmed
that PKP results in less cement leakage than does PVP (9,10).
A meta-analysis reported by Eck JC et al. showed greater
improvement in pain scores when PVP was used instead of
PKP, but there was less new fracture after PKP (14.1%) than
after PVP (17.9%) and less cement leak risk after PKP (7.0%)
than after PVP (19.7%) (11).
Some studies reported that an increase in viscosity from low
to medium can reduce cement extravasation (12-14), which is
completely avoided when poly (methyl methacrylate) (PMMA)
reaches high viscosity and achieves a dough-like consistency.
Nevertheless, the classical syringe, cannula, and push rod
cannot inject a cement with such high viscosity. To solve this
problem, a new hydraulic cement delivery system was
developed that can inject highly viscous cement into the
collapsed vertebral body without using balloon expansion
to create a cavity. By using this system, the cement extrava-
sation rate could probably decrease, reducing complications
arising from the cement leakage. The balloon tamp system
(BTS), which holds the cement in the vertebral body, was
considered the critical reason for the difference in leakage rate
(15). Moreover, cement viscosity and injection volume were
considered other main factors influencing cement extra-
vasation (16). Therefore, we wondered if we could inject
high-viscosity cement using a hydraulic pressure delivery
system (HPDS) without the need to create a cavity with the
BTS. To answer this question and to compare the safety and
efficacy of HPDS and BTS using the high-viscosity cement in
the treatment of OVCF, we performed the following prospec-
tive clinical study.
’ MATERIALS AND METHODS
Study design and participants
A randomized, controlled, four-center prospective study
was performed to compare the clinical outcomes of HPDS
or BTS using high-viscosity cements for relieving pain and
restoring the physical functions in people with painful OVCFs.
The Institutional Review Board approved this study, and
the patients provided informed consent prior to the study.
Four hospitals were involved in this study, and enrollment
started in April 2014 and continued through January 2016;
the follow-up period was two years. As described previously
(17,18), the study inclusion and exclusion criteria are shown
in Figure 1.
Interventions and surgical procedures
At baseline, the demographic and clinical information,
including age, gender, smoking status, bone mineral density,
medicine use, fracture history and vertebral fracture nature,
was collected 1 day to 1 week before randomization. All
surgeons in this trial belonging to the four participating
hospitals were experienced and had performed more than
50 procedures. The participants were randomly assigned to
undergo either HPDS or BTS surgery, and steps were taken
to make sure that the participants remained unaware of their
assigned intervention (Figure 2).
Figure 1 - Inclusion and exclusion criteria.
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The prone position was used when sedation and analgesia
were induced in the patients. After the fractured vertebral
body and its corresponding pedicles were located using fluo-
roscopy (Figure 3), the surgical procedures were conducted
under local or general anesthesia. All participants received
cephalothin administered intravenously 30 min before
puncture. Under fluoroscopic guidance, beveled injection
needles were punctured into the thoracic vertebra or the
vertebral arch in the lumbar vertebra. Then, the patients
underwent the HPDS or BTS procedure according to their
random assignment.
For the HPDS procedure, once the needle was punctured
into the center of the vertebra, a high-viscosity bone cement
was prepared by mixing the powder and liquid components
until a paste was formed. Then, PMMA was loaded into
a bone cement perfusion apparatus (Zhongshan Shiyitang
Medical Devices Co., Ltd., China) and manually injected into
the target vertebra using the HPDS under constant lateral
fluoroscopic guidance (Figure 4).
For the BTS procedure, a bone drill was used to create
a working channel according to well-established methods.
Next, an inflatable balloon tamp (Shanghai Kinetic Medi-
cal Co., Ltd., China) was inserted into the center of the
vertebral body, followed by sequential pressure-controlled
inflation of the balloon to create a cavity. The bone cement
was then mixed and manually injected into the cavity
(Figure 5) (19).
In both groups of patients, the cement injection was stopped
when 1) the cement reached the posterior wall of the fractured
vertebral body, 2) a substantial resistance was detected during
injection, 3) the presence of radiologically adequate filling was
reached, or 4) a potential leakage was suspected.
Following the surgery, the patients rested for 6 hours, and
their vital signs and neurologic symptoms were monitored
for up to 24 hours.
Clinical and radiological assessments
The patients received written evaluation questionnaires
that were mailed, emailed, or shared via WeChat 3d before
and 1 w, 3 m, 6 m, 12 m and 24 m after the surgery.
The clinical assessment included: (1) surgery information
including the average surgery time (incision to suturing/
number of treated vertebral levels), X-ray exposure times
during the surgery, injected cement dosage, and cost of
hospital stay; (2) a visual analog scale (VAS) for overall pain;
(3) the modified Roland-Morris Disability Questionnaire
(RDQ) (17,20,21); (4) the European Quality of Life–5 Dimen-
sions (EQ–5D) scale(17,22); (5) the Short Form-36 General
Health Survey (SF-36) including the physical component
summary (PCS) and the mental component summary (MCS)
for the quality-of-life evaluation; (6) the Oswestry Disability
Index (ODI) for functional assessment; and (7) surgery related
complications. The primary outcome measures were the VAS
scores for back pain and the modified RDQ.
Figure 2 - Participant enrollment, assigned Intervention, and follow-up.
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The radiological assessment included: (1) cement leakage;
(2) vertebral height restoration; (3) vertebral wedge angle; and
(4) adjacent vertebral fracture at final follow-up. The vertebral
height restoration percentage was calculated as follows (23):
vertebral height restoration percentage = (anterior or middle
height postoperation – anterior or middle height preopera-
tion) / (anterior or middle height preoperation)  100%. The
vertebral wedge angle was equal to the angle between the
upper and lower endplates of the vertebral body before and
after the operation (24).
Statistical analysis
The continuous variables were analyzed using Student’s
t-test. The categoric variables were assessed using the w2 test.
The results are presented as the mean±SD. A p valueo0.05
was considered significant. SPSS 22.0 was used for all
statistical analyses.
’ RESULTS
Patient information
A total of 1216 potential patients were identified from 2014
to 2016, but only 289 of those met the inclusion criteria and
underwent randomization (143 in the HPDS group and 146
in the BTS group). Three participants (2%) in the HPDS group
and five (3%) in the BTS group were lost to the 1 w follow-
up. At the 2-year follow-up, complete data were available for
30 of the 143 participants (21%) in the HPDS group and 31 of
Figure 4 - HPDS surgical procedure for the treatment of a 79-year-old female patient with T8 vertebral body fracture. A, A puncture
needle enters into the fractured T8 vertebra via the left pedicle. B, Lateral radiograph showing the puncture needle tip in the anterior
column of the vertebral body. C, High-viscosity bone cement is injected into the fractured vertebral body. The lateral radiograph shows
the filling of the vertebral body with high-viscosity cement. D and E, Lateral and posterior-anterior X-ray films after the HPDS surgical
procedure. F, The HPDS device and high-viscosity cement.
Figure 3 - Typical X-ray and magnetic resonance (MR) images
of OVCFs. A and B, Posterior-anterior and lateral X-ray films
showing a compression fracture in T12. Both endplates were
fractured. C and D, MR images showing marrow edema in the
fractured vertebral body.
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the 146 participants (21%) in the BTS group. The baseline
characteristics of the two groups were similar and are
summarized in Table 1. There was no statistically significant
difference in the bone mineral density T-score, medicine usage,
severity of fracture, fracture distribution and demographic
data such as gender and age. No significant difference
was found between the two groups regarding the VAS and
quality-of-life scores, such as RDQ, EQ-5D, SF-36 and ODI
before surgery. If the participants were lost to follow-up at
one time point, they were not recorded in the following
follow-up.
General surgery parameters
The mean surgery times were 35 min for the HPDS group
and 45 min for the BTS group (po0.05). The mean X-ray
exposure times were 45 times for the HPDS group and 72 times
for the BTS group, and the difference was significantly dif-
ferent (po0.05). The surgery time and X-ray exposure time
of the puncture procedures were longer than those of the
other procedures, and no significant difference was observed
between the HPDS and BTS groups. The surgery time and
X-ray exposure time of the balloon augmentation procedure
were longer for the BTS group than for the HPDS group.
The injected cement volumes were 3.5±1.1 mL for the HPDS
group and 4.7±1.5 mL for the PKP group. Thus, the injected
cement dose used to perform BTS was more than the dose
injected using the perform HPDS. However, a larger dose of
cement than that injected when performing the classical PVP
with low-viscosity cement was used to inject high-viscosity
cement using the HPDS. The BTS was more expensive than the
HPDS because of the high cost of the balloon tamp (Table 2).
Pain and functional evaluations
The pain and functional evaluations were recorded
and are shown in Table 3. VAS and RDQ were the primary
outcomes. No significant difference between the HPDS
and BTS groups was found regarding the primary outcome
of the overall pain in VAS and RDQ postoperation (PO).
A significant difference (po0.05) in the VAS and RDQ
scores was observed before and 1 w after surgery, indi-
cating that all patients experienced pain relief and mobility
improvement immediately after surgery. Moreover, the
2-year follow-up results showed that the VAS scores PO
did not change. Therefore, both HPDS and BTS using high-
viscosity cement resulted in significant pain relief and the
improved recovery of functional abilities. The mean
reductions in the VAS scores of the HPDS and BTS groups
were 2.9±2.1 and 3.3±2.3, respectively, but the difference
between these values was not statistically significant. No
significant difference in any other secondary parameter was
observed between these two groups over time, except for
SF-36 PCS 3 m and 6 m PO, EQ-5D 12 m and 24 m PO, and
ODI 3 m, 6 m and 12 m PO. The use of analgesics, NSAIDS
or opioids decreased over the 12 months follow-up, with
no significant difference between the two groups. How-
ever, analgesic use increased after 24 months compared
with that after 12 months, and the VAS increased after
24 months compared with that after 12 months. The reason
for these differences might be the new fracture forma-
tion. The RDQ scores before surgery were 15.1±3.1 for
the HPDS group and 15.5±2.3 for the PKP group, and
these values decreased to 13.1±2.1 and 12.8±2.0 one week
after surgery, respectively. Both the HPDS and BTS groups
showed sustained improvement for at least 2 years, and
Figure 5 - BTS surgical procedure for the treatment of a 75-year-old male patient with T12 vertebral body fracture. A, A puncture
needle enters into the wedge T12 vertebra via the left pedicle. B, A bone drill was inserted in the fractured vertebral body to drill a
circular hole as a working channel. C, An expandable cannula was inserted into the fractured vertebral body, and the balloon was
slowly inflated. D and E, Posterior-anterior and lateral X-ray films after the BTS surgical procedure. F, The BTS instruments.
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similar improvement was observed in these two groups.
There was no significant difference in the secondary out-
comes such as EQ-5D, SF-36 and ODI (Figure 6).
Radiological evaluations
The X-ray films were analyzed to measure the cement
extravasation, height restoration percentage, wedge angles and
adjacent vertebral fractures after surgery (Table 4). The leakage
rate in the BTS group was lower than that in the HPDS group.
Better height restoration in the anterior and middle vertebral
body and wedge angle was observed after the BTS interven-
tion. Therefore, when high-viscosity cement was used, both the
HPDS and BTS restored the height of the vertebral body
significantly. The BTS group had significantly higher height and
wedge angle restoration than the HPDS group (po0.05).
Therefore, both the HPDS and BTS treatments enabled height
restoration, although the BTS treatment resulted in a better
outcome. The vertebral anterior and middle height restoration
percentages for severe fractures in the HPDS group were 5.6
±4.4 and 10.3±4.9, respectively, while those in the BTS group
were 15.6±6.1 and 27.5±12.1, respectively, suggesting that the
BTS resulted in better height restoration in severe fractures than
in mild and moderate fractures. The percentages for adjacent
vertebral fractures were 13% after the HPDS treatment and 16%
after the BTS treatment.
’ DISCUSSION
OVCFs are usually painful for patients and affect more
women, especially postmenopausal women, than men. PVP
and PKP are currently widely used vertebral augmentation
procedures for treating painful OVCFs when conservative
therapy is not effective. Vertebral body augmentation stabi-
lizes the fractured vertebral body through infused PMMA
without increasing mortality (4,25). PMMA monomers used
to reduce pain are cardiotoxic, while the polymerization of
PMMA monomers causes thermal injuries to the surrounding
tissues. High-viscosity cement injections lower the potential
for cardiovascular complications (26) and have been shown
to significantly reduce the leakage rate and frequency of
leakage-related complications compared with low-viscosity
cement injections (27-29). Thus, the use of high-viscosity
cement in a new device for vertebral augmentation could
be promising.
Table 1 - Baseline characteristics and clinical data of the patients.
Characteristic HPDS BTS
Age (mean±SD) 72.1±9.2 71.1±8.6
Female - no. (%) 104 (73) 110 (75)
Current smoker - no. (%) 23 (16) 21 (14)
Bone mineral density T-score -2.66±0.89 -2.72±0.76
Medication for osteoporosis - no. (%)
Any 128 (90) 135 (92)
Calcium supplements 117 (82) 115 (79)
Vitamin D 74 (52) 70 (48)
Bisphosphonates 36 (25) 32 (22)
Previous vertebral fractures - no. (%) 53 (37) 50 (34)
Pain duration (week, mean±SD) 6.8±3.2 7.1±4.1
VAS during the past 24 hours (mean±SD) 7.1±1.2 7.3±1.1
Use of analgesic (NSAIDS or opioids) - no. (%) 105 (73) 112 (77)
Severity of fracture - (%)
Mild 44 (31) 42 (29)
Moderate 69 (48) 76 (52)
Severe 30 (21) 28 (19)
Number of treated vertebral levels - no. (%) 201 (100) 218 (100)
1 98 (69) 95 (65)
2 32 (22) 30 (21)
3 13 (9) 21 (14)
Fracture distribution - no. (%)
Thoracic 145 (72) 168 (77)
Lumbar 56 (28) 50 (23)
RDQ (mean±SD) 15.1±3.1 15.5±2.3
EQ-5D (mean±SD) 0.32±0.29 0.34±0.31
SF-36 (mean±SD)
PCS 24.5±7.2 23.9±6.7
MCS 44.3±13.1 45.7±13.9
ODI (mean±SD) 62.6±8.2 61.5±7.5
No significant differences in the baseline data between the two groups were found.
Table 2 - Surgery parameters (mean±SD, minimum-maximum).
HPDS BTS
Average surgery time per vertebra (min) 35±19 (15-52) 45±21* (25-71)
X-ray exposure times 45±22 (31-122) 72±25* (65-182)
Injected cement dosage per vertebra (ml) 3.5±1.1 (1.3-5.2) 4.7±1.5* (2.4-7.3)
Cost (dollars) 4570±860 (3610-5680) 5230±980* (4250-7820)
*po0.05 versus HPDS.
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The surgery time for the HPDS group was significantly
shorter than that of the BTS group. The time spent on the
puncture and injection steps was almost the same for these
two groups. The time used to apply the balloon was longer
for the BTS group than for the HPDS group. In addition, the
balloon application and expansion step for the BTS resulted
in longer X-ray exposure time; injecting high-viscosity cement
using the new HPDS reduced the need for bone tamps in
the BTS, significantly reducing the number of steps in the
procedure and the surgery time.
Both the HPDS and BTS resulted in pain reduction
immediately after the operation that lasted at least 2 years.
The VAS in both groups was better than that before the
surgery, and no significant differences were found between
these two groups in 1 w, 1 m, 3 m, 6 m and 12 m PO.
Furthermore, after reviewing the PO data in the mild and
moderate fracture subgroups, we found no significant differ-
ence between the HPDS and BTS; however, in the severe
fracture subgroup, the VAS in the BTS (4.2±0.9 and 5.3±1.4)
was significantly better than that in the HPDS (4.9±0.8 and
5.9±1.3) in 12 m and 24 m PO, respectively. These findings
indicated that the BTS may result in better pain relief
in patients with severe fracture 1 year PO than the HPDS.
We used the RDQ, EQ-5D, SF-36 and ODI to evaluate life
quality, disability and functional recovery. A clear improve-
ment in the life quality of both HPDS and BTS groups was
observed that lasted at least 2 years. There was no significant
difference between the HPDS and BTS groups in the PO
scores of RDQ, SF-36 MCS, ODI, most of the SF-36 PCS and
EQ-5D.
The HPDS using high-viscosity cement significantly
decreased the leakage rate compared to PVP using low- to
medium-viscosity cement(29). PKP had excellent abilities in
vertebral height and kyphotic angle restoration. The verteb-
ral height and kyphotic angle restoration in the HPDS group
were less than those in the BTS group because of the position
of the patient, although the cement injected into the vertebral
body slightly restored the height and angle. The inflation of a
balloon tamp inside the vertebral body plays an important
role in height and angle restoration. This observation explains
why the BTS showed better height and angle restoration
abilities, especially in patients with severe fracture. These
abilities might result in better VAS scores in severe fracture
patients treated by the BTS, even though there was no sig-
nificant difference between the HPDS and BTS groups in
the quality-of-life scores.
The cemented vertebral bodies and the increased height of
the collapsed vertebra changed the biomechanical property
of and increased the load on the adjacent vertebral fracture.
Literature reports on the incidence of sustained adjacent
fracture after PVP or PKP show conflicting findings. The
risks for new adjacent fractures are lower after PVP than
after PKP (30,31), while some systematic reviews showed
that PVP resulted in higher adjacent factures than did PKP
(11,32); finally, some other reviews reported that the fracture
risks of PVP and PKP were similar (33,34). The adjacent
fracture may be a consequence of osteoporosis. Komemushi
A et al. (35) thought that cement extravasation into the
intervertebral space increases the incidence of adjacent
fractures, which might explain why there was less adjacent
vertebral fracture in the HPDS group than in the BTS group
in this study. Since the classic PVP procedure usually induces
much higher leakage than the BTS, the HPDS using high-
viscosity cement decreased the leakage rate, thus decreasing
the incidence of adjacent fractures. This high-viscosity cement
injection system is similar to the Confidence Spinal Cement
System used by Georgy, B.A. In a?single-center retrospective
review of the Confidence device using high-viscosity cement
(36), a similar leakage rate was found in the Confidence
device and PKP groups. Herein, we found that the leakage
rate in the HPDS group was higher than that in the BTS
group but was significantly lower than that reported for PVP
using low- to medium-viscosity cement (29,36). This evidence
demonstrates that the HPDS with high-viscosity cement
effectively reduces the leakage rate compared with the classic
PVP device using low- to medium-viscosity cement.
It was difficult to determine whether surgery using the
HPDS was better than that using the BTS because better
Table 3 - Clinical assessments (mean±SD).
Parameters HPDS BTS
Preoperation VAS 7.1±1.2 7.3±1.1
RDQ 15.1±3.1 15.5±2.3
EQ-5D 0.32±0.29 0.34±0.31
SF-36 PCS 24.5±7.2 23.9±6.7
SF-36 MCS 44.3±13.1 45.7±13.9
ODI 62.6±8.2 61.5±7.5
Use of analgesic - No. (%) 105 (73) 112 (77)
1 week PO VAS 4.3±1.2 4.2±0.9
RDQ 13.1±2.1 12.8±2.0
EQ-5D 0.70±0.31 0.75±0.34
SF-36 PCS 32.5±5.6 31.6±6.1
SF-36 MCS 47.9±12.8 48.9±12.2
ODI 32.8±5.6 33.6±6.1
Use of analgesic - No. (%) 57 (41) 61 (43)
1 month PO VAS 3.9±1.5 4.2±1.6
RDQ 12.5±2.0 12.9±2.2
EQ-5D 0.76±0.29 0.79±0.35
SF-36 PCS 36.3±6.5 34.9±7.1
SF-36 MCS 50.2±13.8 47.5±14.4
ODI 30.2±6.2 31.6±6.9
Use of analgesic - No. (%) 33 (32) 35 (31)
3 months PO VAS 4.0±1.8 4.4±1.4
RDQ 11.9±2.4 12.5±2.3
EQ-5D 0.73±0.31 0.76±0.32
SF-36 PCS 37.1±5.2 34.5±5.6*
SF-36 MCS 47.5±14.1 50.9±13.2
ODI 29.5±6.3 32.8±6.5*
Use of analgesic - No. (%) 17 (24) 16 (20)
6 months PO VAS 3.8±1.6 4.3±1.9
RDQ 12.1±2.6 12.7±1.9
EQ-5D 0.74±0.35 0.78±0.33
SF-36 PCS 36.9±4.9 34.9±4.5*
SF-36 MCS 46.8±13.1 50.5±14.2
ODI 30.4±6.7 34.2±6.8*
Use of analgesic - No. (%) 9 (15) 11 (16)
12 months PO VAS 4.8±1.6 4.4±1.5
RDQ 11.6±1.5 11.8±1.9
EQ-5D 0.67±0.23 0.77±0.21*
SF-36 PCS 34.2±4.8 35.5±4.5
SF-36 MCS 45.2±12.3 49.1±13.2
ODI 33.9±5.2 31.0±5.1*
Use of analgesic - No. (%) 6 (13) 4 (10)
24 months PO VAS 5.3±1.8 4.6±1.9
RDQ 12.1±1.9 11.4±2.1
EQ-5D 0.62±0.19 0.73±0.22*
SF-36 PCS 32.3±5.3 34.4±4.7
SF-36 MCS 42.5±13.3 47.6±14.1
ODI 32.5±4.3 30.7±4.8
Use of analgesic - No. (%) 6 (20) 7 (23)
*po0.05 versus HPDS.
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designed random control trials are needed. In contrast with
other studies (29,36) related to PVP, this is a random, pro-
spective study. Moreover, some limitations exist in this study.
First, some participants were lost to the long-term follow-up
over time. Second, large sample numbers are need for further
investigation.
’ CONCLUSION
Despite the difficulty of evaluating which one of the
two surgeries considered in this study is better, the overall
evidence shows that the use of the HPDS with high-viscosity
cement has similar outcomes to the BTS in the clinical treat-
ment of OVCFs. We suggest using the HPDS to treat mild
and moderate OVCFs and choosing the HPDS as an alter-
native method to treat severe OVCFs.
’ ACKNOWLEDGMENTS
This work was supported by the Fundamental Research Funds for the
Central Universities of China (xjj2017013), a grant from the National
Natural Science Foundation of China (81401018), the Shaanxi Province
Natural Science Foundation (2018JQ8063), and the Shaanxi Province
Grant for the Research and Development of Science and Technology
(2015SF012).
’ AUTHOR CONTRIBUTIONS
Qin J performed the study, collected and analyzed the data, and wrote the
manuscript. Li J performed the study and wrote the manuscript. Liu Y
collected the data. Zhao B, Dong B, Zhang R, Ning N, Cui F, Li H partici-
pated in the study. Dong H analyzed the data and elaborated the tables.
Zhang X participated in the manuscript writing. He X conceived and
designed this study and revised the manuscript. Wang D conceived and
designed the study and revised the manuscript.
’ REFERENCES
1. Melton LJ 3rd, Thamer M, Ray NF, Chan JK, Chesnut CH 3rd, Einhorn
TA, et al. Fractures attributable to osteoporosis: report from the National
Osteoporosis Foundation. J Bone Miner Res. 1997;12(1):16-23, https://doi.
org/10.1359/jbmr.1997.12.1.16.
2. Hernlund E, Svedbom A, Ivergard M, Compston J, Cooper C, Stenmark J,
et al. Osteoporosis in the European Union: medical management,
Figure 6 - Scores of VAS (A), RDQ (B), EQ-5D(C), SF-36 PCS (D), SF-36 MCS (E) and ODI (F) with respect to time and intervention
group (*po0.05).
Table 4 - Radiological assessments.
HPDS BTS
Cement leakage - n(%)/(Total treated levels) 21 (10) 14 (6)
Vertebral height restoration (%)
Anterior 6.6±4.2 10.6±8.1*
Middle 9.2±4.1 20.5±14.8*
Wedge angle (o)
Preoperation 20.1±10.2 22.6±12.2*
1 week PO 14.4±8.1 11.4±6.6*
Final follow-up 14.5±8.6 11.1±7.1*
Adjacent vertebral fractures - n(%)/
(Total treated levels)
26 (13) 35 (16)
*po0.05 versus HPDS.
8
HPDS and BTS treating OVCFs
Qin J et al.
CLINICS 2019;74:e741
epidemiology and economic burden. A report prepared in collaboration
with the International Osteoporosis Foundation (IOF) and the European
Federation of Pharmaceutical Industry Associations (EFPIA). Arch Osteo-
poros. 2013;8:136, https://doi.org/10.1007/s11657-013-0136-1.
3. Johnell O, Kanis JA. An estimate of the worldwide prevalence and dis-
ability associated with osteoporotic fractures. Osteoporos Int. 2006;17(12):
1726-33, https://doi.org/10.1007/s00198-006-0172-4.
4. Dohm M, Black CM, Dacre A, Tillman JB, Fueredi G, KAVIAR investi-
gators. A randomized trial comparing balloon kyphoplasty and verteb-
roplasty for vertebral compression fractures due to osteoporosis. AJNR
Am J Neuroradiol. 2014;35(12):2227-36, https://doi.org/10.3174/ajnr.A4127.
5. Laratta JL, Shillingford JN, Lombardi JM, Mueller JD, Reddy H, Saifi C,
et al. Utilization of vertebroplasty and kyphoplasty procedures through-
out the United States over a recent decade: an analysis of the Nationwide
Inpatient Sample. J Spine Surg. 2017;3(3):364-70, https://doi.org/10.21037/
jss.2017.08.02.
6. Semaan H, Obri T, Bazerbashi M, Paull D, Liu X, Sarrouj M, et al. Clinical
outcome and subsequent sequelae of cement extravasation after percu-
taneous kyphoplasty and vertebroplasty: a comparative review. Acta
Radiol. 2018;59(7):861-8, https://doi.org/10.1177/0284185117732599.
7. Chang X, Lv YF, Chen B, Li HY, Han XB, Yang K, et al. Vertebroplasty
versus kyphoplasty in osteoporotic vertebral compression fracture: a meta-
analysis of prospective comparative studies. Int Orthop. 2015;39(3):491-500,
https://doi.org/10.1007/s00264-014-2525-5.
8. Hulme PA, Krebs J, Ferguson SJ, Berlemann U. Vertebroplasty and kypho-
plasty: a systematic review of 69 clinical studies. Spine. 2006;31(17):1983-
2001, https://doi.org/10.1097/01.brs.0000229254.89952.6b.
9. Ledlie JT, Renfro MB. Kyphoplasty treatment of vertebral fractures: 2-year
outcomes show sustained benefits. Spine. 2006;31(1):57-64, https://doi.
org/10.1097/01.brs.0000192687.07392.f1.
10. Voggenreiter G. Balloon kyphoplasty is effective in deformity correction
of osteoporotic vertebral compression fractures. Spine. 2005;30(24):2806-12,
https://doi.org/10.1097/01.brs.0000190885.85675.a0.
11. Eck JC, Nachtigall D, Humphreys SC, Hodges SD. Comparison of ver-
tebroplasty and balloon kyphoplasty for treatment of vertebral compres-
sion fractures: a meta-analysis of the literature. Spine J. 2008;8(3):488-97,
https://doi.org/10.1016/j.spinee.2007.04.004.
12. Zhang ZF, Yang JL, Jiang HC, Lai Z, Wu F, Pan YQ, et al. An updated
comparison of high- and low-viscosity cement vertebroplasty in the
treatment of osteoporotic thoracolumbar vertebral compression fractures:
A retrospective cohort study. Int J Surg. 2017;43:126-30, https://doi.org/
10.1016/j.ijsu.2017.05.067.
13. Guo Z, Wang W, Gao WS, Gao F, Wang H, Ding WY. Comparison the
clinical outcomes and complications of high-viscosity versus low-viscos-
ity in osteoporotic vertebral compression fractures. Medicine. 2017;96(48):
e8936, https://doi.org/10.1097/MD.0000000000008936.
14. Zhan Y, Jiang J, Liao H, Tan H, Yang K. Risk Factors for Cement
Leakage After Vertebroplasty or Kyphoplasty: A Meta-Analysis of Pub-
lished Evidence. World Neurosurg. 2017;101:633-42, https://doi.org/
10.1016/j.wneu.2017.01.124.
15. Pateder DB, Khanna AJ, Lieberman IH. Vertebroplasty and kyphoplasty
for the management of osteoporotic vertebral compression fractures.
Orthop Clin North Am. 2007;38(3):409-18, https://doi.org/10.1016/
j.ocl.2007.03.010.
16. Burton AW, Rhines LD, Mendel E. Vertebroplasty and kyphoplasty:
a comprehensive review. Neurosurg Focus. 2005;18(3):e1, https://doi.
org/10.3171/foc.2005.18.3.2.
17. Kallmes DF, Comstock BA, Heagerty PJ, Turner JA, Wilson DJ, Diamond
TH, et al. A randomized trial of vertebroplasty for osteoporotic spinal
fractures. N Engl J Med. 2009;361(6):569-79, https://doi.org/10.1056/
NEJMoa0900563.
18. Buchbinder R, Osborne RH, Ebeling PR, Wark JD, Mitchell P, Wriedt C,
et al. A randomized trial of vertebroplasty for painful osteoporotic ver-
tebral fractures. N Engl J Med. 2009;361(6):557-68, https://doi.org/
10.1056/NEJMoa0900429.
19. Chen C, Li D, Wang Z, Li T, Liu X, Zhong J. Safety and Efficacy Studies of
Vertebroplasty, Kyphoplasty, and Mesh-Container-Plasty for the Treat-
ment of Vertebral Compression Fractures: Preliminary Report. PloS One.
2016;11(3):e0151492, https://doi.org/10.1371/journal.pone.0151492.
20. Roland M, Fairbank J. The Roland-Morris Disability Questionnaire and
the Oswestry Disability Questionnaire. Spine. 2000;25(24):3115-24, https://
doi.org/10.1097/00007632-200012150-00006.
21. Trout AT, Kallmes DF, Gray LA, Goodnature BA, Everson SL, Comstock
BA, et al. Evaluation of vertebroplasty with a validated outcome measure:
the Roland-Morris Disability Questionnaire. AJNR Am J Neuroradiol.
2005;26(10):2652-7.
22. Brooks R. EuroQol: the current state of play. Health Policy. 1996;37(1):
53-72, https://doi.org/10.1016/0168-8510(96)00822-6.
23. Ning L, Wan S, Liu C, Huang Z, Cai H, Fan S. New Levels of
Vertebral Compression Fractures after Percutaneous Kyphoplasty: Ret-
rospective Analysis of Styles and Risk Factors. Pain Physician. 2015;
18(6):565-72.
24. Sun G, Jin P, Li M, Liu XW, Li FD. Height restoration and wedge angle
correction effects of percutaneous vertebroplasty: association with intra-
osseous clefts. Eur Radiol. 2011;21(12):2597-603, https://doi.org/10.1007/
s00330-011-2218-z.
25. Beall DP, Chambers MR, Thomas S, Amburgy J, Webb JR Jr, Goodman
BS, et al. Prospective and Multicenter Evaluation of Outcomes for
Quality of Life and Activities of Daily Living for Balloon Kyphoplasty
in the Treatment of Vertebral Compression Fractures: The EVOLVE
Trial. Neurosurgery. 2019;84(1):169-78, https://doi.org/10.1093/neuros/
nyy017.
26. Anselmetti GC, Manca A, Kanika K, Murphy K, Eminefendic H, Masala S,
et al. Temperature measurement during polymerization of bone cement in
percutaneous vertebroplasty: an in vivo study in humans. Cardiovasc
Intervent Radiol. 2009;32(3):491-8, https://doi.org/10.1007/s00270-009-
9509-7.
27. Nieuwenhuijse MJ, Muijs SP, van Erkel AR, Dijkstra SP. A clinical com-
parative study on low versus medium viscosity polymethylmetacrylate
bone cement in percutaneous vertebroplasty: viscosity associated with
cement leakage. Spine. 2010;35(20):E1037-44, https://doi.org/10.1097/
BRS.0b013e3181ddd262.
28. Lador R, Liberman S, Ben-Galim P, Dreiangel N, Reitman CA, Hipp JA.
A cadaver study to compare vertebral augmentation with a high-viscosity
cement to augmentation with conventional lower-viscosity cement. J Spinal
Disord Tech. 2013;26(2):68-73, https://doi.org/10.1097/BSD.0b013e31823
37d69.
29. Rapan S, Jovanovic S, Gulan G, Boschi V, Kolarevic V, Dapic T. Verteb-
roplasty--high viscosity cement versus low viscosity cement. Coll Antro-
pol. 2010;34(3):1063-7.
30. Fribourg D, Tang C, Sra P, Delamarter R, Bae H. Incidence of subsequent
vertebral fracture after kyphoplasty. Spine. 2004;29(20):2270-6, https://
doi.org/10.1097/01.brs.0000142469.41565.2a.
31. Kim MH, Lee AS, Min SH, Yoon SH. Risk factors of new comp-
ression fractures in adjacent vertebrae after percutaneous vertebro-
plasty. Asian Spine J. 2011;5(3):180-7, https://doi.org/10.4184/asj.2011.
5.3.180.
32. Taylor RS, Taylor RJ, Fritzell P. Balloon kyphoplasty and vertebroplasty
for vertebral compression fractures: a comparative systematic review of
efficacy and safety. Spine. 2006;31(23):2747-55, https://doi.org/10.1097/
01.brs.0000244639.71656.7d.
33. Wang H, Sribastav SS, Ye F, Yang C, Wang J, Liu H, et al. Comparison of
Percutaneous Vertebroplasty and Balloon Kyphoplasty for the Treatment
of Single Level Vertebral Compression Fractures: A Meta-analysis of the
Literature. Pain Physician. 2015;18(3):209-22.
34. Xing D, Ma JX, Ma XL, Wang J, Xu WG, Chen Y, et al. A meta-analysis of
balloon kyphoplasty compared to percutaneous vertebroplasty for treat-
ing osteoporotic vertebral compression fractures. J Clin Neurosci. 2013;
20(6):795-803, https://doi.org/10.1016/j.jocn.2012.05.038.
35. Komemushi A, Tanigawa N, Kariya S, Kojima H, Shomura Y, Komemushi S,
et al. Percutaneous vertebroplasty for osteoporotic compression fracture:
multivariate study of predictors of new vertebral body fracture. Cardio-
vasc Intervent Radiol. 2006;29(4):580-5, https://doi.org/10.1007/s00270-
005-0138-5.
36. Georgy BA. Clinical experience with high-viscosity cements for percuta-
neous vertebral body augmentation: occurrence, degree, and location of
cement leakage compared with kyphoplasty. AJNR Am J Neuroradiol.
2010;31(3):504-8, https://doi.org/10.3174/ajnr.A1861.
9
CLINICS 2019;74:e741 HPDS and BTS treating OVCFs
Qin J et al.
